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Introduction 


Economic   ornithology  in   its  broadest    sense   includes   all   relations  of 
birds   that  have  any  bearing  upon   the   material  welfare  of  man.      Much  has  been 
published  on   the  direct    and  indirect  uses  made  of  birds   and  their  products, 
and  here    special  reference  may  be  made   to   such  works   as  T.    S.   Palmer's    "A 
Review  of  Economic   Ornithology  in  the  United  States"    (9)    aiid  Jionius  Hender- 
son's   "The  Practical  Value   of  Birds."    (3) 

The  present  paper  is  largely   restricted  to   an  account   of  methods   of 
food  habits  research  as  carried  on  both  in  the   laboratory  and  in   the  field. 
The  broad  objective  of   this  phase  of   the    study  of   economic   ornithology  is  to 
determine   the  relationship  that    the  various  bird   species  bear  to  man  because 
of  their  food  and  feeding  habits,   particularly  in   their  relationship  to    agri- 
culture,  horticulture,    and  forestry.      With  few  exceptions    the   most    important 
relationship   that  wild  birds  have  to  mail  comes  from   their  food  habits.      The 
farmer  is   concerned,    for    example,    when  birds  are   in  his  orchard  or  among  his 


crops,  whether  they  are  eating  produce  or  are  feeding  on  destructive  insects 
or  obnoxious  weed  seeds.   There  are  scores  of  species  of  "birds  and  other  ani- 
mals that  for  one  reason  or  another  frequent  orchards,  vineyards,  and  fields, 
and  the  only  vzay  to  ascertain  precisely  their  relation  to  agriculture  is  "by 
scientific  study  of  their  food  ha"bits. 

Examples  of  species  that  have  "been  condemned  and  praised  "by  different 
groups  of  people  are  found  in  the  case  of  the  snapping  turtle,  the  "blacksnake, 
the  squirrel,  the  fox,  the  "blue jay,  the  sparrow  havfe,  and  the  ro'bin.   Should 
these  species  "be  encouraged  or  controlled?  TTne ther  they  are  "beneficial  or 
harmful  from  the  economic  vievTpoint  is  largely  determined  "by  their  food  ha"bits. 
The  first  requisite  in  game  or  in  wildlife  management  generally  is  a  determina- 
tion of  the  food  hahits  of  the  "bird  or  other  animal  considered.   Without  tliis 
information,  their  increase  or  even  their  perpetuation  may  "be  difficult  if  not 
impossi"ble,  T7ithout  it,  plantings  or  li"beration  of  new  stock  is  useless.   It 
is  only  through  possession  and  utilization  of  adequate  information  on  food 
ha"bits  that  wc  can  intelligently  formulate  a  pu"blic  policy  toward  wildlife. 

In  this  study,  as  in  the  searc'h  for  all  truth,  the  scientific  ..o'bserver 
gathers  relia"ble  data  from  every  available  source.   In  the  realm  of  economic 
"biology,  and  particularly  in  economic  ornithology,  the  accTomulated  experience 
of  many  capa'ble  workers  in  the  Biological  Survey  for  more  than  half  a  century 
gives  convincing  proof  that  this  science,  if  it  is  to  serve  its  greatest  pur- 
pose, must  draw  freely  upon  "both  la"boratory  and  field  research.   Each  approach 
supplements  the  other,  and  each  renders  indispensa'ble  aid  in  the  rational  in- 
terpretation of  the  other.   Either  method  alone  has  its  limitations  therefore, 
and  where  one  is  employed  to  the  exclusion  of  the  other,  an  un"balanced  and  often 
an  untena"ble  conclusion  may  result. 

Eor  more  than  three  quarters  of  a  century  stomach  examination  has  served 
as  the  "basis  for  most  of  the  advance  in  the  science  of  economic  ornithology. 
This  has  in  most  instances,  however,  "been  well  supplemented  "by  and  correlated 
with  extended  field  research.   The  first  official  Federal  recognition  of  this 
work  was  aut'norized  in  1885  when  Congress  created  in  the  Division  of  Entomology 
a  Section  of  Economic  Ornithology  (which  later  developed  into  the  Bureau  of 
Biological  Survey) ,  "for  the  promotion  of  economic  ornithology,  or  the  study  of 
interrelation  of  "birds  and  agriculture,  an  investigation  of  the  food,  ha"bits, 
and  migration  in  relation  to  "both  insects  and  plants  and  pu"blishing  reports 
thereon."  A  summary  of  fifty  years  of  economic  ornithology,  "by  McAtee  (6_)  ,  was 
pu'blished  "by  the  American  Ornithologists'  Union  in  1933. 

La'boratory  Research 

TThile  experience  has  taught  us  that,  in  dealing  with  the  su"bject  as  a 
whole,'  either  the  field  or  the  lahora.torj'  method  is  inadequate  used  alone, 
there  are  numerous  instances  where  one  or  the  other  of  the  two  methods  can  "be 
used  to  the  greatest  advantage;  in  most  cases,  however,  "both  methods  must  "be 
employed  if  a  true  and  complete  picture  is  to  "be  obtained.   Kalm"bach  (4)  has 
offered  convincing  examples  of  numerous  pro'blems  "best  answered  "by  field  study. 
It  should  "be  pointed  out  also  that  there  are  important  pro"blems  in  economic 
ornithology  that  can  "best  "be  determined  "by  placing  emphasis  on  la"boratoiy  ex- 
amination of  stomachs.   In  these  instances,  field  research  serves  to  supple- 
ment the  la"b oratory  method. 
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A  recent  careful  study  of  an  important  upland  game  species  may  well  surve 
as  an  illustration.   The  observer,  a  well-trained  field  technician,  made  in- 
tensive field  studies  of  the  species  in  question  over  a  period  of  two  years, 
and  since  he  had  grown  up  in  an  area  where  the  "bird  was  common,  he  was  intimate- 
ly acquainted  with  it.   As  a  part  of  this  study  considerably  more  than  two 
hundred  typically  well-filled  crops  and  gizzards  of  "birds  were  collected  and 
submitted  to  the  Biological  Survey  for  laboratory-:  analysis.   The  specimens 
taken  were  v7ell  distributed  over  the  region  and  represented  all  .  seasons  of  the 
year.   In  trpjismitting  the-  stomachs  the  field  worker  listed  the  principal  foods 
as  determined  ty  his  studies  alone.   The  comparison  of  his  results  based  on 
years  of  observation  v/ith  those  derived  from  laboratory  analysis  is  of  interest. 
Study  of  the  actuj3,l  food  taken,  as  determined  by  laboratory  examination,  showed 
that  five  of  the  plant  foods  that  had  been  considered  of  greatest  importance  by 
the  field  observer  were  of  only  minor  value.   Six  of  the  items  found  by  labora- 
tory analysis  to  be  of  great  value  were  recognized  by  the  field  observer  though 
he  failed  to  note  eight  of  the  principal  foods  found  by  stomach  analysis.   Of 
22  foods  classed  in  the  laboratory  as  being  of  moderate  value,  only  5  were  de- 
tected by  the  field  observer.   He  also  noted  only  38  foods,  while  the  laboratory 
examiner  listed  450  different  kinds.   The  results  m.ay  be  summarized  as  follows: 

roods  considered  important  by  field  observer,  but  not 

important  -  in  stomach  analysis 5 

Foods  considered  important  by  field  observer  and 

important  in  stom.ach  analysis 6 

Foods  not  considered  important  by  field  observer  but 

important  in  stomach  analysis 8 

Foods  not  noted  by  observer  but  occasional  in  stomach 

analysis 17 

Foods  noted  by  observer  and  occasional  in  stomach 

analysis 5 

Total  food  items   recorded  in   the  field,    38;    in  the    laboratory,    460. 

From  these  results  it  will  be    seen  that  field  observ'-ations  alone  would  have 
been  much  less   than  50  percent  accurate   in  appraising  food  values.        Such  a 
disparity  in  results   is   indeed  worthy  of   serious  consideration  when  upland  game 
management   is  being  considered.      The  econoaiics   of   the  problem   should  be  obvious 
when  it   is    realized  that  game  bird  hunting  is  becoming  increasingly  more  depend- 
ent upon  game  management.      Food  habits   research  is  fundamental   to    the  proper 
management  and  conservation  of  game   and  other  wildlife  resources.      Many 
thousands  of  dollars  have  been  wasted  in  the  past   in  attempts  of  local  and 
State  organisa^^ciiis  to  inerease  the  stocks  of  jcs;^^  ff^i&n  they  did  not  have 
adeqiiate  knowledge  of  the  food  and  other  requireinentB  of  the  species  con- 
eerned.      McAtee   (?)   has  very  ably  presented  a  suiamarj?*  of   the  importance  of 
economic   ornithology  and  has  recorded  the  views  of   some  of   the   best   authori- 
ties on  game  management    in  his  statement  presented  before   the   Subcommittee 
of  the  House  Committee   on  Appropriations  in  Charge   of  the  Agricultural  De- 
partment Bill  for  1936. 
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•■   The  need  for  stomach  examination  is  even  more  apparent  when  devising 
a  management  program  for  aquatic  game  "birds,  which  must  include  a  study 
of  their  food  requirements  and  food  hahits.   Vi'aterfowl  feed  largely  with 
their  heads  or-  entire  "bodies  su"bmerged;  therefore,  it  is  impossi'ble  to  de- 
termine accurately-  from  field  o"bservation  alone  what  the  "birds  are  feeding  on 
or  in  what  prcp'ort ion  various-  su'bmerged  foods  are  chosen.   To  find  waterfowl 
feeding  among 'a'- given  plaii-t  species  is  not  ■  necessarily  adequate  proof  that 
the  "birds  may  he  u^ing  ■■that- p'articular  plant  as  food.   The  falli"bility  of  field 
■o"bservation  a^  a-  means'- 'of 'determining  what  "birds  are  eating  has  heen  demon- 
strated -innumerahre  ti"mes"-"to  researc"n  workers  in  econom.ic  ornithology. 

A  recent  example  along  this  line  is  hut  one  of  many  that  could  he 
cited.   A  South'  Carolina  duck  cluh  manager  wrote  the  Biological  Survey  that 
his  "birds  were  feeding  largely  on  alligator  grass  (Altemanthera  philoxeroides) , 
the  first  intimation  to  the  Eureau  that  it  was  an  important  food  for  wildfowl. 
The  game  technician  of  the  cluh  had  urged  that  the  Biological  Survey  recommend 
the  e  stahlishment  of  thi  s'  plant  species,  which  in  reality  "is  a  serious  menace 
to  valuable  duck  foods  in  many  southern  areas.   After  considerahle  insistence 
the  gentleman  was  issued  a  special  permit  to  take  six  of  the  hirds  thought  to 
he  feeding  on  the  plant.  •  Lahoratory  examination  failed  to  show  the  slightest 
trace  of  the  alligator  grass  in  a  single  stomach,  the  principal  foods  consist- 
ing of  diatoms,  and  seeds  of  hulrush,  switchg'rass,  and  wild  millet. 

In  connection  with  the  numerous  complaints  of  hird  depredations  re- 
ceived, some  of  the  prohlems  entailed  are  more  accurately  and  more  expeditiously 
handled  hy  field  -investigation,  while  the  treatm.ent  of  others  must  he  hased 
largely  on  lahoratory  analysis.   In  those  cases  where  circumstances  call  for 
the  identification  of  food  items,  the  lahoratory  method  of  stomach  examination 
is  almost  the  only  approach.   Much  practical  advantage  to  wildlife  has  resulted 
from  a  policy  of  ascertaining  facts  hefore  determining  a  course  of  action,  gijch 
as  issuing  or  refusing  to  issue  permits  for  control.   The  study  of  food  hahits, 
primarily  through  lahoratory  stomach  examination,  has  formed  the  factual  hasis 
upon  which  has  heen  huilt  the  American  code  of  protective  laws  and  regulations 
for  hirds,  which  ornithologists  agree  is  without  douht  the  most  effective  known. 
This  study  in  a  large  measure  has  heen  the  hasis  also  for  the  wide- spread  edu- 
cational interest  in  hirds  and  hird  protection. 

Where  hird  depredations  are  reported  (not  infrequently  for  ulterior  pur- 
poses) ,  direct  stomach  examination  is  usually  the  hest  method  to  follow.   Cases 
of  serious  depredation  may  he  charged  to  a  conspicuous  species  of  hird,  while 
the  real  cause  of  loss  to  crops  or  trees  may  he  traceahle  to  an  insect  or  some 
other  pest.   The  true  identity  of  the  destractive  organism  in  such  cases  is 
usually  promptly  indicated  hy  stomach  examination. 

To  cite  a  specific  case  of  alleged  depredation:  A  certain  State  was 
demanding  that  its  shell  fishermen  he  issued  permits  to  destroy  eider  ducks 
that  were  supposed  to  he  suhsisting  on  commercial  shellfish.  While  the  ducks 
were  known  to  he  feeding  over  planted  scallop  and  oyster  heds,  stomach  ex- 
amination of  a  representative  series  showed  that  the  birds  had  heen  feeding 
almost  exclusively  upon  species  of  mollusks  of  no  commercial  value. 

While  lahoratory  stomach  analyses  have  suhstantiated  many  claims  of 
depredations  hy  fish-eating  hirds,  they  have  demonstrated  even  more  claims  to 
have  heen  confounded.   A  typical  example  of  unsuhstantiated  charges  originated 
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among  a  group  of  residents  of  one  of  the  southern  States  after  the  Migratory 
Bird  Treaty  Act  was  passed.   It  was  claimed  that  the  yellow-crowned  night  heron 
was  a  menace  to  "both  the  frogging  industry  and  game  fishing  interests.   The 
young  of  these  herons,-  known  locally  as  "gros-'becs"  had  long  "been  used  "by  this 
group  of  people  as  a  choice  article  of  food.   The  destructive  and  unsportsman- 
like practice  of  shooting  juveniles,  or  otherwise  killing  the  yc-ing  on  the  nest, 
was  certain  ultimately  to  jeopardize  the  species.   An  investigation  was  made  and 
a  series  of  112  stomachs  of  the  yellow-crowned  night  heron  was  collected  in  the 
section  from  vrhich  the  complaint  had  originated,  and  careful  and  detailed 
laboratory  stomach  examination  was  made  of  es.ch.   Seven  stomachs,  hecause  of 
"being  nearly  empty,  wore  excluded  from  final  computation.  All  biut  one  of  the 
remaining  105  contained  cravrfish  ( Gambarus  sp.),  which  in  99  made  up  the  entire 
stomach  contents.   Not  a  single  trace  of  frog  or  fish  could  he  found  in  any  of 
the  series.   In  this  investigation,  field  work  go.ve   no  evidence  that  the  "birds 
were  destructive  to  human  interests,  yet  neither  conclusive  nor  convincing 
proof  exonerating  them  was  o"btained  until  laboratory  stomach  examinations  were 
completed. 

During  a  coopera,tive  quail  investiga.tion  undertaicen  "by  the  Biological 
Survey,  the  marsh  hawk  was  suspected  of  "being  an  enemy  of  quail  on  southern 
plantations.   Large  num'bers  of  these  raptors  winter  in  the  South,  and  naturally 
the  question  of  their  relationship  to  quail  was  raised  "by  investigators  in- 
terested in  learning  more  a"bout  the  factors  affecting  the  welfare  of  these  game 
"birds.   Field  o"bservations  could  not  certainly  esta'blish  the  "bird's  status. 
Stomachs  were  not  availa"ble  in  sufficient  quantity  to  tell  the  whole  story,  "but 
pellets  of  the  species  could  "be  gathered  in  good  quantity,  and  some  1,100  were 
carefully  analyzed  to  ascertain  in  detail  just  what  constituted  the  diet.   The 
results  disclosed  the  presence  of  quail  in  4  instances  and  cotton  rats  in  925. 
This  information  indicated  clearly  that  the  marsh  hawk  renders  a  distinct  ser- 
vice to  quail  on  areas  v/here  rodent  prey  is  abundant. 

As  a  means  of  developing  a  general  background  for  proper  appraisal  of 
average  food  tendencies  and  general  economic  status  of  most  birds  or  other 
animals,  stomach  analyses  of  both  extensive  and  representative  material  are 
fundamental.   The  skill  required  in  the  examination  of  stomach  contents  comes 
only  as  a  result  of  thorough  training  in  the  art  of  close  observation  and 
through  experience  in  associating  certain  small  diagnostic  fragments  with  a 
definite  species.   Recently  the  stomach  content  of  a  mammal  was  sent  to  the 
Biological  Sur'.^ey  to  verify  the  identification  of  an  item  thought  to  represent 
the  entire  food.   This  was  submitted  by  an  expert  on  field  methods,  who  also 
was  a  careful  wildlife  research  worker.   Separation  of  the  materia,l  in  the 
laboratory  revealed  that  the  item  in  question  actually  made  up  only  half  of  the 
total  bulk;  some  five  additional  items  were  found  to  mal?:e  up  the  remainder. 
Proper  equipment,  including  extensive  reference  cclloctions,  and  trained  workers 
are  essential  for   accuracy  and  completeness  in  food  habits  investigations. 
Without  this  accuracy  there  can  be  no  reliable  basis  for  ihiprovement  of  wild- 
life food  resources. 

Field  Research 

Without  correlation  of  adequate  field  research,  many  of  the  data  ob- 
tained by  laboratory  studies  could  not  be  properly  interpreted.   In  maxiy  cases, 
stomach  analyses  are  almost  meaningless  without  knowledge  of  field  conditions 
and  of  the  circumstances  surrounding  the  collection  of  stomach  material.   The 
presence  of  grain  or  fruit  in  a  bird's  stomach,  for  example,  may  represent  a 
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depredation,    vzaste  material,    gar"bage ,    or  the  harvest,  of   a  v/ild,    vol'onteer,    or 
abandoned  crop,    or   it   may  indicate   a  meal  provided  "by   a  "bird-lover.      In  the 
case   of   fruit  eaten  ty  the   starling,    Kalm'bach   (4)    fo"and  from  field  study  that 
damage   to   late  fruit    is   consistently  greater  in   old,   poorly  kept  orchards  than 
in  the  young,    thrifty   ones  that    supply  the  Inilk   of    the  higher  grade,    marketahle 
fruit.      The   remains   of  game  or  livestock  in  a  predator's   stomach  may   represent 
either  predation  or  the   taking  of  carrion.      The  presence   of  a  small  "bird  in  the 
stomach  of   a  crow  or  a  fox  may  represent   a  c  ase    of  vandalism  or   t'ne   carrion- 
feeding  hahit .      Knowledge  of   the  detestable  habit   of   the  magpie    in  attac'icing 
and  feeding  on  young,    sickly,    or  f reshly-hranded  livestock  could  not  "be  gained 
"by  stomach   examination.      The  appraisal  of   the   extent   of    such  depredations   is 
o"btaina"ble   only  from  actual  observation  in  the  field.      Even   though   the   trained 
laboratory  worker  can  often  determine  with r easonable   accuracy   the  presence   of 
carrion   or  waste  material  by  various   tests,    the    size   of    the   animal   eaten,    the 
presence   of   certain  insects,    the  nature   of   the    stomach   contents,    the  habits   of 
the   species   in  question,    or   other  circumstances,    many   cases  are    questionable 
without   field  data.      Even   though  the  experienced  investigator  realizes   that   in 
food  habits  work  the   first   step  necessary  is  to   identify  the  food  items  accurate- 
ly,  he    soon  discovers  that   in  many  instances  correct  interpretation  of   the  facts 
observable   is   of  greater   significance   than  identification  of   the   items    them- 
selves. 

The   character  or  quality   of    some   of   the  food  of   certain   species  is  not 
amenable   to   accurate   laboratory  analysis.      The   information  on   the  food  and  feed- 
ing habits  of    sapsuckers,    hujiLmingbirds,   porcupines,    and  a  number  of  field  rodents 
is  woefully  incomplete   without   field   study,    as    fhese  creatures  feed  on  liquids   or 
plant   fiber  that   is  .  so   finely   coirjninuted  that   laboratory   identification  is  diffi- 
cult   and  often  impossible. 

Eield  work   is  an  absolute  necessity  to   enable    the  economic   ornithologist 
to   interpret   the   results   of  stomach   analysis  and   to   convert   abstract  percentages 
of  bird  food  items   into    terms   of   agricultural  or  horticultural   economics. 
N^xmerous   examples  of    the   necessity  of   field  work   thp.t  have   come  under  personal 
observation  of  economic   ornithologists  a.re  graphically  portrayed  by  E.   E.  Kalm- 
bach,    in  his  Eield  Observations   in  Economic   Ornithology   (4).      One    example,    v:foich 
treats   of   depredations  by  ducks   in   California  (4),    may  be   quoted: 

".    .    .On  the  basis   of   about   150   stomachs   of  four    species   of   ducks   it    re- 
vealed that  pintails  ate  a  greater  percentage  of  barley   (43  percent)    than  the 
other  ducks,    a  fact   quite  generally   recognized  by   local   sportsmen  and  farmers. 
It  also  verified  the   generally  accepted  belief   ti:at   wigeons  ate  more   sprout- 
ing~  alfalfa  than  exiy  of   the  other   species.      It   also    showed  that   the   little 
green-winged  teal  ate   less  barley   (22.0  percent)    than  the  wigeon,(24.5  per- 
cent) . 

"What,   however,    did  field  studies   show?      In  the   first  place,    they  told 
something   of   the  extent   of    the  devastation  wrought.      They  shed  light   on   the 
acreage  of   damaged  fields  nnd  the  fact   that,    in  addition   to  the   immediate   in- 
Jury,    the   ducks  often   so  puddled  and  de-aorated   t'ne  fine    silt  of    the  grain- 
fields   that  an  unfavorable   soil   condition  was  created  that   lasted  for  several 
seasons.      They -revealed  that    the    30  percent   of  young  alfalfa  eaten  by  the 
wigeon  meant   at   times   a  severe  economic   loss  in  uprooted  plants.      They  dis- 
closed  the  fact   that    the  wigeon,    a  more  abundant    and  more   voracious  feeder,   far 
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out-stripped  the  diminutive  teal  as  a  destroyer  of  "barley  seed,  although  stom- 
ach examination  showed  only  slight  disparity  "between  the  proportions  of  "barley 
found  in  each.   And  "back  of  all  that,  they  told  the  vital  story  that  so  severe 
had  the  damage  "been  in  some  winters  that  illegal  shooting  to  protect  crops  was 
frequently  resorted  to;  that  honest  efforts  to  protect  grain  were  "being  dis- 
credited "by  a."buBes  on  the  part  of  hunters  who  offered  'their  services  in  the 
cause  of  crop  protection'  ;  that  game  law  administration  "becajiie  a  real  prohlem; 
ond  that  the  whole  fa"bric  of  the  game  protective  movement  in  this  locality  was 
jeopardized  largely  "because  of  a  lack  of  understanding  of  what  ducks  can  some- 
times do.   All  in  all,  in  the  study  of  this  local  hut  vital  pro"blem  of  economic 
ornitholo^gy ,  field  studies  played  a  decided.""^  important  role." 

Knowledge  of  the  extent  to  which  a  "bird  or  other  animal  may  feed  on  a 
given  insect  pest  is  of  great  importance,  yet  without  the  field  work  necessary 
to  ascertain  the  extent  of  the  depredations  of  such  pests  upon  agricultural 
crops,  it  may  "be  of  little  significance.   The  finding  that  most  "birds  in  a 
territory  infested  "by  grasshoppers  feed  extensively  upon  this  crop  destroyer 
m.ay  actually  have  little  si-gnif icance  when  the  territory  is  large  and  the  "bird 
population  small,  yet  appraised  solely  on  la'boratory  analysis  great  "benefit 
would  "be  expected.   The  la'boratory  study,  however,  does  show  tendencies  of  a 
given  species  for  good  or  harm,  even  though  it  largely  fails  in  showing  the 
general  effect  of  a  feeding  ha"bit.   Only  field  work  can  show  what  is  availa"ble. 
This  informiation  added  to  the  la"boratory  data  serves  as  a  "basis  for  anticipating 
what  results  can  "be  expected  under  a  given  set  of  conditions.  -It,  therefore, 
helps  in  outlining  a  course  of  action  or  in  modifying  agricultural  procedure, 
or  in  following  methods  that  will  "bring  ahout  an   increase  or  decrease  of  the 
population  of  a  given  species  of  "bird  in  a  given  area. 

Comhination  of  Field  and  La'boratory  Research 

Exanrples  have  "been  presented  illustrating  the  fact  tliat  certain  problems 
are  "best  solved  where  emphasis  is  placed  on  either  laboratory  or  field  research, 
depending  on  the  requirements  of  the  particular  problem  in  question.   Most  of 
them  to  some  extent  involve  "both  sources  of  approach.   L;0st  problems  in  economic 
"biology  require  for  their  solution  a  combination  of  both  methods,  and  some  seem 
difficult  or  impossi'ble  of  solution  without  data  obtained  through  this  dual 
approach. 

The  need  for  both  field  and  la  "borate  ry  study  may  he  illustrated  "by  the 
following  case,  v/hich  resulted  in  unnecessary  water-bird  destruction  and  de- 
veloped because  of  lo.ck  of  a  competent  field  study  correlated  with  careful 
stomach  examination.   This  occurred  in  North  Dakota,  where  one  of  the  two  re- 
maining nesting  colonies  of  the  douhle-crested  cormorant  in  that  State  was 
destroyed  "by  fishermen  because  it  was  "believed  t"hat  these  hirds  were  respon- 
siDle  for  the  disappearance  of  game  fish  from  one  of  the  largest  lakes  in  that 
section.   A  careful  field  study  proved  that  the  disappearance  of  game  fish  was 
due  to  increased  alkalinity  of  the  water,  which  resulted  from  greatly  lowered 
water  levels  and  a  consequent  concentration  of  the  alkaline  salts.   A  detailed 
laboratory  exejnination  of.  a  series  of  cormorant  stomachs  collected  on  that  l^ake 
revealed  that  75  percent  of  the  food  of  the  cormorants  in  that  situation  v^as 
made  up  of  the  axolotl  stage  of  the  tiger  salamander  (Amhy stoma  tigrinum) , 
while  20  percent  was  composed  of  bullheads  (Ameiurus  sp.)  from  an  adjacent 
prairie  slough.   The  remaining  5  percent  was  made  up  of  the  five-spined  stickle- 
"back  (Sucalia  inconstans)  which  was  the  sole  species  of  fish  c  apahle  of  existing 
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in   the   alkalirxe  v/aters   of    the   lake.      This   latter   species   is  known  to   he   des trac- 
tive  to    the    spavnri  of   other  fishes. 

A   study  of    the   relation  of  predators   to   game  hirds   and  other   animals   is 
most   accurately  and  expeditiously  handled  when  field  and  lahoratory  studies   are 
comhined.      Through  field  investigations  the   general    trends   of  predation  can  he 
detected,   hut  the   degree    to   which   specific  predators  may  he   charged  therewith 
usually  must  he  hased  largely   on  laboratory    study.      In  such  researches  each 
method  helps   to   interpret    as  well   as   to   check  the   accuracy  of   the  data  obtained 
from   the  other. 

In  the    study  of  predator  and  prey  interrelationships  the  numher  of  in- 
dividuals  of   each   species   consumed  in  a  given   area  over  a  period  of  time  must  he 
ascertained  as  well   as   the  percentage   that   each    species   represents   in  the    total 
hulk.      These   data  reveal   the   seasonal  requirements   of   the  predators  concerned 
and  indicate  in  a  general   way  how  the  various  predators  -are  likely   to  affect   the 
interests  of  man.      Experience  has   taught   that  an  understanding  of   these   hroad 
trends  in  food  hahits  is  most   accurately   and  economically  obtained  through  ex- 
aminations of  either   stomachs,   pellets,    gullet   contents,    droppings,    or  nest 
debris.      To   interpret   the  meaning  and  the  reasons  underlying  predator  food 
habits   in  any  given  area,    there  must,   however,   be  available  detailed  data  on  all 
animal  populations,    not   only   of  prey  species  but    of  predators   as  well.      Intimate 
knowledge    is  needed  of   the    environment  and  all    the  factors   that   affect  predation. 
Among   other  things,    for  each   situation  there   must  be  kno?7n   the  kinds   and  abund- 
ance  of   the   species  preyed  upon,    the   cover  present,    the  history   of  weather  con- 
ditions,  and  the   general  health  and  vigor  of    the  prey.      The   objective   is   to  as- 
certain general  food  habit   trends,    but   the  ecological  factors  responsible  for 
the   ascendancy  and  decline   of  food  items   in  predator  diets  are   also   of  vital 
concern.      To   this   end   every  known  means  of  approach  must  be  used  that  will  de- 
velop a  better  understanding  of   the    complicated  problems  of  predator  economics. 

Only  by   such  means  can   costly  mistakes   like   the  following  be  avoided: 
A  field   superintendent   of  an  important  upland  game   area  in  one    of  the  Atlantic 
Coast   States  was  killing  every  possible  predator  because  he    said  his  field 
observations  over  an   extended  period  had   shown  him  tir.t   all   of   them  feed  on 
quail.      Stomach  examination  of   a  large   series   of  captured    "vermin"  from   this 
preserve  revealed  that  practically   all  were  feeding  almost    exclusively  on  field 
mice,    which  had  become   exceedingly  abundant    there.      Predators  were  -uridoubtedly 
attracted  because  management  practices,    which   consisted  of  the  production   of 
an   abiondaiit   crop   of  food  and  cover,    but    included  also   extreme   "vermin"   control, 
had  brought   about   a  veritable  mouse  plague.      The   rodents  became   so  abundant 
that    they  were  a  menace   to   the  game   supply,    and  the    superintendent  was  forced 
to   call  for  help   in   the   control   of    this  mouse   infestation.      If    "vermin"   control 
had  not   been  carried   to   the   extreme,    the   beneficial  predators  would  have 
rendered   service   in   the  control   of    the  field  mice.      A  less  biased  field   worker 
■'ondoubtedly   would  have  been  more   discriminating   in  his   control  procedure.      The 
more   expert  gojne   technicians  are   concluding   that    a  predator  population  kept 
within  reasonable  bounds   exerts  a  vjholesome    effect   on  wildlife  by  preventing 
reproduction  of    the   less  fit    individuals,    thereby  maintaining  a  better  quality 
in   the   wildlife   and  preventing    the    sickly   or   diseased  from   spreading  their 
malady   to  healthy   individuals. 

The   combination  of   laboratory  and  field   research  has    contributed  great- 
ly  toward  finding  important    game   foods  that   had  previously  been  unrecognized. 
Because   some  of    these    can   grow   in    special    situations  in  which  many  commonly 
knov/n  foods   cannot   thrive,    they  are  of  tremendous   importance   in  game  manage- 


ment.   While  engaged  in  field  research  in  coastal  Connecticut,  F.  M.  Uhler, 
of  the  Survey's  scientific  staff,  ohserved  'bla.ck  ducks  feeding  in  certain 
habitats  where  acceptahle  food  was  thought  to  he  scarce.  .A  series  of  hirds 
was  collected  and  it  was  found  from  the  stomach  exaraination  that  they  had  heen 
feeding  primarily  on  saltmarsh  acnida  (Acnida  carinahina)  ■   The  "birds  seemed  to 
be  taking  this  in  preference  to  feeding  .in  adjacent  f resh-vfater  pools  where 
good  food  was  known  to  he  abundant.   In  the  tidal  salt  marshes  "but  few  plants 
of  any  knov/n  food  value  can  endure  the  high  salinity  and  fluctuating  water 
levels;  therefore  this  discovery  should  make  it  possible  to  increase  immeasur- 
ably the  waterfowl  food  s"apply  in  many  coastal  areas  that  are  often  nearly 
destitute  of  acceptable  foods. 

An  additional  example  may  be  cited  from  the  Mississippi  "Valley,  where 
the  water  level  fluctuation  is  so  variable  that  the  better  duck  food  plants 
carjiof  survivec   It  v;'as,  therefore,  an  im.port8n.t  discoA^ery  to  find  that  rice 
cutgrass  (Leersia  oryzoides)  ,  hitherto  "UJirecognized  as  being  even  of  moderate 
worth  as  a  duck  food,  was  one  of  the  most  abundant  and  adaptable  of  plants  in 
the  area  and  a  major  food  item  in  a  good  number  of  stomachs  examined.   Field 
work  in  a  number  of  coastal  States  has  given  convincing  evidence  of  the  value 
of  a  semisubmerged  aquatic,  Scirpus  nanus,  as  being  of  great  value  as  a  duck 
food  in  certain  habitats.   Other  valuable  food  plants  have  similarly  been  found 
in  different  sections  of  the  coijntry.   Some  of  these  are  of  particular  value 
because  of  their  special  adaptability  or  distribution  and  because  they  fill  a 
niche  unoccupied  by  other  good  waterfowl  foods. 

Laboratory  i.'ethods  of  Stomach  Examination 

The  methods  of  laboratory  research  can  only  be  suggested,  as  ea,ch  must 
be  adjusted  to  the  particular  problem  in  question.   Only  a  broad  outline  of  the 
method  of  stomach  exejnination  that  has  been  found  applicable  to  a  great  many 
species  of  birds  can  here  be  given  (fig.l).   An  eo.rller  brief  discussion  of 
methods  of  stomach  examination,  prepared  by  \J,    L.  McAtee  (5),  was  published  in 
the  1920  Yearbook  of  Agriculture.   The  stomach  contents  are  0.II  washed  into  a 
white-lined  tray  or  pan,  which  aids  in  making  the  various  items  more  visible. 
The  larger  particles  m-xy  be  picked  out  v;ith  forceps  end  placed  on  white  blotters 
unless  they  need  to  be  kept  wet  as  an  aid  to  proper  identification.   With  a 
little  practice  much  of  the  stomach  or  crop  contents  can  be  separated  rapidly 
by  mechanical  means.   By  the  use  of  this  "wet  method"  lighter  objects  can  be 
separated  in  piles  by  simple  decantation  if  one  carefully  pours  the  contents 
of  the  pan  on  a  fine  grade  of  bolting  cloth  placed  over  a  funnel.   Because  of 
the  different  densities  or  shapes  of  seeds  of  different  species  or  of  other 
items  in  the  stomach  much  of  the  contents  car.  be  separated  with  little  effort 
by  various  other  mechanical  devices,  such  as  use  of  sieves  of  different 
meshes.   Often  there  is  m.uch  that  can  only  be  separated  by  the  aid  of  a  for- 
ceps and  binocul,ar' microscope.   Food  items  are  usually  pls-ced  on  squares  of 
white  blotting  paper.   Some,  perhaps  most,  items  are  more  easily  identified 
if  they  are  permitted  to  dry,  but  such  items  as  soft-bodied  insects,  cr^asta- 
ceans,  green  vegetable  matter,  or  fruit  are  usually  more  easily  identified 
if  kept  moist'.- 

In  preparing  for  examination  the  contents  of  some  predator  stomachs 
that  contain  considerable  fatty  foods,  extensive  use  is  made  of  hot  water. 
This  melts  and  washes  off  much  of  the  excess  fat  or  grease  that  may  otherv/ise 
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permeo.te  the  whole  mass  of  the  stomach  content  and  ohscnre  the  identity  of 
the  diagnostic  items.   Note  is. made  of  the  loss  of  "bulk  resulting,  which  is 
allocated  to  the  items  from  which  it  appears  the  grease  originated.   This  de- 
greasing  process  is  done  with  the  aid  of  sieves'  of  varied  mesh.  -  The  contents 
are  then  placed  in  a  drying  oven,  after  which  the  various  items  are  identified. 

Identification  of  olDJects  is  facilitated  "by  comparison  with  good  collec- 
tions of  seeds,  fruits,  "buds,  insects,  mollusks,  and  skeletons  of  "birds,  mam- 
mals, reptiles,  amphihians,  etc.,  and  in  fact  examples  of  all  classes  of  things 
ingested  "by  "birds.   The  Biological  Survey  naturally  has  representative  reference 
collections  of  many  groups  of  verte"brates  and  inverte"brates ,  as  well  as  of 
plants,  seeds,  tu"bers,  etc.,  most  commonly  fo-ond  in  "bird  stomachs. 

The  num'ber  of  specific  items  found  in  a  single  stomach  varies  greatly 
with  different  kinds  of  "birds  and  under  different  conditions.   As  many  as  55 
species  of  items  v;ere  found  in  a  single  stomach  of  an  Arizona  roadranner,  viiile 
the  num"ber  of  individual  o'bjects  may  extend  almost  indefinitely,  depending  of 
course  on  their  size.   The  gizzard  and  gullet  of  one  ruddy  duck  were  estimated 
to  contain  as  many  as  200,000  oogonia  of  Chara.   TJithin  limits  the  kind  of 
food  consumed  is  largely  in  proportion  to  availa'bility . 

When  the  individual  stomach  examination  is  completed,  the  results  are 
tabulated  on  a  card  and  filed  systematically,   l^ile  the  num"bers  of  occurrences 
of  individuals  of  each  specific  item  in  the  stomac'h  are  recorded,  the  final  re- 
sults are  expressed  in  percentage  of  volume.   In  general,  "bulk  or  vol-'ome  per- 
centages have  "been  found  to  "be  much  more  relio.'ble  and  more  rapidly  computed  than 
those  based  on  weight,  Wtieve   the  item.s  in  a  stomach  are  of  sufficient  volume, 
the  components  are  usually  measured  in  a  vial  of  appropriate  size  and  computed 
on  the  "basis  of  100  percent.   If,  for  example,  the  stomach  contents  consisted  of 
"but  four  items  and  measured  5,  10,  15,  and  20  mm.,  respectively,  they  would  o"b- 
viously  represent  10,  20,  30  and  40  percent,  respectively,  of  the  food  content 
of  the  particular  stomach.   Gravel  is  frequently  found,  and  among  certain  species 
of  waterfowl  it  is  usually  grea.ter  "both  "by  weight  and  volume  than  the  food.   It 
is,  fnerefore,  first  computed  as  a  percentage  of  the  total  stomach  content;  then 
the  food  proper,  after  excluding  the  gravel,  is  computed  also  on  the  hasis  of 
100  percent. 

When  a  sufficient  num"ber  of  these  cards  have  heen  accumulated  for  any 
species,  each  card  containing  a  com.plete  inventory  of  the  "bulk  food  percent- 
ages, with  the  num"ber  of  items  as  mentioned  a'bove ,  the  percentages  of  the 
principal  food  items  for  each  month  are  calculated  and  the  average  of  the  sea- 
son or  year  is  figured.   Where  t"ne  num'ber  of  stomachs  is  large  enough  to  "be 
representative,  each  month  is  considered  as  a  unit.   These  are  the  figures 
quoted  in  official  reports  on  the  food  of  "oirds  or  other  animals.   Stomach 
cards  are  promptly  indexed  according  to  subject  matter,  so  that  information  is 
available  on  the  food  items  of  each  species  studied  and  the  known  predator  or 
feeder  on  any  given  animal  or  plant.  Prompt  report,  therefore,  can  be  given 
of  the  species  of  wildlife  known  to  feed  on  any  given  insect,  animal,  or  plant. 

Since  the  establishment  of  this  work  in  the  Department  of  Agriculture  in   | 
1885,  stomachs  of  some  600  species  of  birds  representing  thousands  of  individu- 
als have  been  examined,  and  fairly  complete  laboratory  studies  have  been  made  of 
perhaps  250  species.   The  magnitude  of  the  problem  is  realized  when  it  is  re- 
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merabered  that  more   than   800   specleSj    involving   1,420   separate   species   or   s^alD- 
species   of  "birds,    have   "been  recorded  for   the  United   States.      There  are  also 
atout    670    species   of   maiiimals,    a"boat   480   species   of   reptiles  and  amphihians,    and 
approximately   600  fishes.      Many   of   these  have   important   economic   "bearings,   and 
all   can  certainly  "be  "better  understood  and  managed  when  full   information  is 
accumulated  on   their  food  ha'bits   and   economic  tendencies. 

Even  when  a   species   of.hird  has   once  "been   studied  in  detail   later  in- 
vestigations are  often  necessary  "because   of   changing  agricultural   conditions  or 
shifts   in  agricultural  practices,    or  "because  of  new  local  problems.      Upland   game 
msmagem.ent ,   for  example,    demands   that  knowledge  "be  hp.d  of   the  food  ha'bits   of   the 
quail   or  pheasant   in  every   State    or    section.      The    relationship   of   a  "bo"bolink  or 
a  ro'bin   to   agriculture   depends  largely  upon  the  kinds  of   crops  produced  and  the 
a"bundance  of   the  "birds   in   a  given  area.      A  ch-.nge   in  either   of   these  factors  will 
naturally  dem^uid  a  chsnige   in   the 'policy  of  protection  or   control  with  reference 
to   these   "birds. 

Fnile   the  examination  of  stomachs  has  formed  the  "basis   of  most  of   the 
laboratory  food  ha'bit  -studies ,    fecal   content   and  intestinal   material  have  "been 
used  to    some   extent.      The  examination  of  scats,    or  droppings,    is   of  great  value 
as  affording   supplementary  data  on  food  preferences,    as   demonstrated  "by  Murie    (8_) , 
in  a  recently  published  paper  on  the  food  of   coyotes   in  Ja,ckson  Hole,    liiyo.      Tor 
local   or    special   studies,    analysis   of  droppings  may   be   of   special  merit   and 
wort'hy  of  more   extended  application.      They  afford   intensive   study  for  a  limited 
area  or  for  a  limited  number  of   birds  and  possess   the  added  virtue   of    sparing 
the  lives  of   the  individuals   concerned.      Fecal   studies  make   it  possible   to   follow 
trends   in  feeding  habits,  of  flocks   of    some   species   of  birds   throughout   any   season 
by  making  weekly  or  periodic   collections  from  their   roosting   areas.      This  method 
is  particulcarly  applicable   to  upltind  game  birds,    but   not    readily  applicable   to 
many  other   species,      I'ec-g  may /arid  usr.ally  are   treated  individually,    or   they  may 
be  analyzed  in  bulk  as  outlined  by  r)a,lke   ( 1) .      Pellet    examination  has  been  ex- 
tensively practiced  in    the  Biological    Survey  and   is   of  greet   value    as  a  supple- 
mexit   to   other  methods.      This  method,    however,    is  applicable   only   to   a  limited 
number  of  _  species,   mostly  birds   of  prey. 

Errington  (2)    has   reported  a  very  wort'h-while  tech^iique    in   the  study 
of   raptor  food  haJbits.      This   consists   escentially  of  force!  regurgita.tion  of 
gullet  material  of   juvenile   birds.      Obviously   t"nis  has   the  advantage   of   in- 
tensive   stady  of  irdividua-ls  in  a  given  area  without   injury   to   the   birds, 
Furthermore   the  ma.terial   is  fresh   and  unaffected  by  digestive   action,    but   on 
the   other  hand   such  methods   c:in  be   employed  for   only  a  limited  period.      Much 
of  t"ne  gullet   study  must  cf  necessity    represent   field  research. 

Identifica.ti  on  of   food  fra.gments   in  ajid   around  nests   of  raptors  has 

been  widely  used  aji  a   supplement   to   other  methods.      Methods   of  field  study- 

of  bird  or  animal   relationships  are   about   as  diverse  as  tne  prcb"'.cms  needing 
investigation.      Tliey  must  be   applied   to   the  particulrx  prob.lem  unaer  the 
particul-ai'    set    of  conditions   and   circumstances  attendant   to   that    study.      Ac- 
curacy of  observation  and  of    recording  detailed  data  are  about    the   only 
points   in  common  to    all  field  studies. 


-   11  - 


Bibliography 

(1)  Dalke,  Paul  D. 

1935,    Dropping   analyses   as  an   indication   of  pheasant   food  habits. 
Aiaev.    Game  Conf.   Proc.    21:    387-391.  ■ 

(2)  Errington,   Paul  L. 

1932.  Technio^ue  of  raptor  food  habits  study.   Condor  34;  75-86. 

(3)  Henderson,  Junius 

1927,  The  practical  value  of  birds.  342  pp.   Macmillan. 

(4)  Kalmbach,  E.  R. 

1934.    Eield  observations   in   economic   ornithology.      Wilson  Bull,    46: 
73-90. 

(5)  McAtee,  ¥.  L. 

1921,  Farm  help  from  the  birds.  U.  S.  Dept.  Agr. ,  Yearbook  for  1920, 
sep.  843:  253-270,  illus. 


(6) 


(7) 


1933.   Economic    ornithology.      Pe^ss   111-129    of    "Eifty  years  progress 
of  American  ornithology   1683-1933";   pub.    by  Amer.    Ornith. 
Union. 


1935,   Value   of    research   into    the  food  habits   of   midlife.      Excerpt 
from   "Hearing  Before    the    Subcommittee  of  House   Committee  on 
Appropriations   in   Cha,rge   of   the  Agricultural  Department  Ap- 
propriation Bill  for  1936."     Reprint,   pp.    717-737.      February. 

(8)  Murie,  Olaus  J. 

1935,   Food  habits  of  the  coyote  in  Jackson  Hole,  Wyo .  U.S.  Dept. 
Agr.  Circ.  362,  24pp.,  illus. 

(9)  Palmer,  T.  S. 

1899.  A  review  of  economic  ornithology  in  the  United  States.   U.S. 
Dept.  Agr.  Yearbook  for  1S99,  pp.  259-292.  . 


-  12  - 


FIGURE  1. — Laljoratory  table  equipped  for  stomach  analyses. 
Equipment,  in  addition  to  the  binocular  microscope  with 
various  powers  of  objectives  and  eyepieces,  includes 
stomach-analysis  cards,  filter,  dissecting  instruments, 
containers,  preservatives,  and  other  paraphernalia,  as 
shown  in  the  picture.  Other  compound  microscopes  and 
comparison  microscopes  are  also  frequently  used. 


-15- 


